Abstract. The rank reversal (RR) phenomenon could occur when new information about alternatives or criteria is added to the decision space of a discrete multi-criteria decision-making (MCDM) problem. If this addition leads to a change in the original rank of alternatives, the RR phenomenon occurs. In this study, we analyze the RR phenomenon in a new MCDM method called EDAS (Evaluation based on Distance from Average Solution). For this purpose, three RR indices are defined, and the efficiency of the EDAS method is compared with the TOPSIS method through a simulation-based analysis. The results show that the EDAS method is more efficient than the TOPSIS method with respect to the defined RR measures.
Introduction
In real-world decision-making problems, we usually need to evaluate some alternatives with respect to multiple criteria. To deal with such problems, multi- simulation of the decision data in different numbers of alternatives and criteria, and the EDAS method is compared with the TOPSIS method with respect to the defined indices. The results show that the efficiency of the EDAS method is more than the TOPSIS method when the RR phenomenon occurs. The rest of this paper is organized as follows. In Section 2, the steps of multicriteria decision-making process with the EDAS and TOPSIS methods are summarized. Also the framework of the analysis is described in this section. In Section 3, results of the analysis are presented. Finally, the conclusions are discussed in Section 4.
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2.Methodology
Suppose that we have alternatives ( 1 to ) and criteria ( 1 to ), and the weight of each criterion ( , ∈ {1,2, … , }) is known. Accordingly, the decision-matrix is defined as follows: 
Based on the decision-matrix defined, the steps of the EDAS and TOPSIS methods are summarized in this section. Then, a framework is presented to perform the analysis of the RR phenomenon.
The EDAS method
As previously mentioned, this method is proposed by Keshavarz Ghorabaee et al. (2015) . The EDAS method was applied to the inventory classification problem in its first introduction; however, the efficiency of this method for dealing with MCDM problems was also verified. In the EDAS method, the alternatives of an MCDM problem are evaluated based on positive and negative distances from an average solution. An alternative which has higher values of positive distances and lower values of negative distances from the average solution is a more desirable alternative according this method. The steps for using the EDAS method are as follows:
Step 1. Calculation of the elements of average solution (ℊ ):
Step 2. Determination of the positive ( ) and negative ( ) distances:
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where and are the sets of benefit and cost criteria, respectively.
Step 3. Computation of the weighted summation of the distances:
Step 4. Normalization of the values of the weighted summations:
Step 5. Calculation of the appraisal score of each alternative:
Step 6. Rank the alternatives according to decreasing values of .
The TOPSIS method
The TOPSIS method is a popular MCDM method which has been used in many real-world problems and extended in different uncertain environments. Interested readers are referred to review of the TOPSIS method by Behzadian et al. (2012) . In this study, a classic version of this method presented by Hwang and Yoon (1981) is used for analysis. In the TOPSIS method, the evaluation process of alternatives is Step 1. Determination of the normalized values of the decision-matrix:
Step 2. Calculation of the weighted normalized values:
Step 3. Determination of the ideal and anti-ideal solutions based on the weighted normalized values:
Step 4. Calculation of the Euclidean distance of alternatives from the ideal ( * ) and anti-ideal ( − ) solutions:
Step 5. Calculation of the closeness coefficient ( ) of each alternative:
Step 6. Rank the alternatives in decreasing order of the closeness coefficient values.
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RR phenomenon analysis
In this study, to analyze the RR phenomenon, we assume a common situation in which a new alternative is added to the MCDM problem. In this regard, we define three indices as follows:
 
According to the defined indices, the following algorithm is used to analyze the RR phenomenon:
Step 1: Define the number of alternatives ( ) and criteria ( ) for the simulation process.
Step 2: Start the simulation process, set iteration counter to one ( =1), set the counter of the occurrence of the RR phenomenon to zero ( = 0), set the counter of the occurrence of the RR phenomenon in the first rank to zero ( = 0), set the total value of the average changes to zero ( = 0), and define the total number of iterations ( ).
Step 3: Define the first MCDM problem ( 1 ) by generating a random decisionmatrix with the dimension × and elements in the range of to , and set the weight of all criteria to 1 .
Step 4: Define the second MCDM problem ( 2 ) by adding a new alternative to 1 . This addition is made by generating a row with the dimension 1× and elements in the range of to and joining this row to the matrix of 1 ( 2 has the dimension ( + 1) × ). Step 5: Solve 1 and 2 by an MCDM method and determine the rank of each alternative. Suppose that (1) and (2) denote the rank of th in the first and second MCDM problems, respectively ( = 1,2, … , ).
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Step 6: If there is any difference between (1) and (2) ( = 1,2, … , ), increase the value of by one ( = + 1), calculate the value of using Eq. (17), increase the value of by the calculated ( = + ). If any change occurs in the first rank, increase by one ( = + 1).
Step 7: Increase the iteration counter by one ( = + 1). If the iteration counter is less than or equal to ( ≤ ), go to Step 3, otherwise continue.
Step 8: Calculate the values of PFO, PFOF and IO as follow:
Comparative analysis
Using the methodology of analysis of the RR phenomenon presented in the previous section, we make a comparison between the EDAS and TOPSIS methods in this section.
To perform the proposed algorithm, 64 modes are defined with respect to 8 values for the number of alternatives ( = {5, 10,15,30,50,100,200,500}) and 8 values for the number of criteria ( = {5, 10,15,30,50,100,200,500}), and the simulation is run for ITR=10000 times with the values = 1 and = 100. Therefore 64 × 10000 = 640000 MCDM problems are solved using the EDAS and TOPSIS methods.
Based on the proposed algorithm and Eqs. (18) to (20) , the values of PFO, PFOF and IO are determined in each mode of each method. Table 1 shows the values of PFO for the EDAS and TOPSIS methods.
According to Table 1 , the values of PFO in the EDAS method is lower than or equal to the values of PFO in the TOPSIS method in all modes. Accordingly, we can say that the efficiency of the EDAS method is more than the TOPSIS method with respect to this index. It can be seen that the value of the PFO increase when we have higher number of alternatives and/or criteria. However, if we have more than 50 alternatives, the possibility of the occurrence of RR phenomenon is very high in both the EDAS and TOPSIS methods. In Table 2 , the values of PFOF for the EDAS and TOPSIS methods can be seen. 
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In Table 2 , we can see that PFOF values of the EDAS method are lower than those of the TOPSIS method in most cases. Hence the EDAS method is more efficient than the TOPSIS method with regard to this index. For clarification, in Fig. 3 and Fig. 4 , we depict the variation of PFOF with respect to changes in the number of alternatives and criteria. According to these figures, the value of PFOF has a direct relationship with the number of criteria and an inverse relationship with the number of alternatives. The values of the IO index, which shows the intensity of the occurrence of the RR phenomenon, are represented in Table 3 . According to this table, the values of IO in the EDAS method are lower than the values of IO in the TOPSIS method in all modes, so the EDAS method behaves in a more efficient way with respect to this index. Fig. 5 and Fig. 6 are depicted to clarify the trend of variation of the IO index based on changes in the number of alternatives and criteria. It can be concluded that the value of IO has a direct relationship with both of the number of alternatives and criteria. 
Conclusions
Multi-criteria decision-making methods are very useful to deal with the realworld decision-making problems. However, they have also some weaknesses to handle the problems. The rank reversal phenomenon is one of the important issues in MCDM methods. This phenomenon occurs when new information in decision process leads to some changes in the final decision. In this study, we have proposed three indices and a simulation-based algorithm to analyze the RR phenomenon. According to the proposed approach, the efficiency of EDAS as a The results of the analysis show that the EDAS method is more efficient than the TOPSIS method in the three indices defined. On the other hand, the possibility of the occurrence of the RR phenomenon in both of the EDAS and TOPSIS methods is very high when we have more than 50 alternatives.
